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"(54rPRO JECTION OPTICAL SYSTEM AND PROJECTION ALIGNER USING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED: To excellently correct the 
birefringence of an optical element incorporated in a 
projection optical system and to transfer patterns with high 
accuracy, by incorporating a means which corrects the 
birefringence of the optical element in the optical system. 
SOLUTION: A birefringence correcting member 8 is 
incorporated in an optical system so as to cancel phase 
variation. Since a material equivalent to the optical glass used 
for lens elements 1-5 must be used for the member 8, and e *\ 
birefringence having a prescribed distribution must be caused 
through the optical glass, such a phenomenon as the 
structural birefringence is utilized. Namely, the phase 
difference between a polarized component in the direction 
parallel to the grooves of a diffraction grating and the 
polarized component in the direction perpendicular to the 

groove can be set at an arbitrary value, by using a fine diffraction grating indicating the 
structural birefringence and appropriately selecting the duty ratio of the grating and the 
depths of the grooves. 
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[ll^iHl ] SfS 1 %f*WN^->-^m2ft#±tct4^ 

ftft^xi^ x f ***rr6*fflifftts , «jE-r &«aijf« 
c mem 3 ] Bute i oxwi»*»m»Hi*;h. ± *) 

£ L ft flBSttWHUrO^* t in£ JWtffi* 1 m9 aft»3K» 
3RiM*J^43^xU*vhj^£t4«flmttfc* J *' 

[ fl!*JS4 ] lute 1 oXtt^<03^»*ttittJfl»* 
tf£&£StfT^ft£fc£1#f8fcTftiB^2;5l{±30 

wat -*-4SI*jh 1 <0»»*^5R. 

*} £ t ft £Jn;i fc ^a^MEBUMtel 6 * 

ftft^xU.* v FA>£>£ tftlgS^teSr* -v >-feA- 
^fti Dlct&£SftT^ft£fc£1ffSi:-$-ftfit#'S6«D 

±WN'^->-Srii^ 1 A>£> 7 tow^a* 1 JMies^s 

?->2rR38J!U ^l^ffii^^-y^lS^JSl* 1 
j/Cil L fcSS 2 ^ttfflJiKfgSg 1 fc IS^iftx 

t n#H i o i mim 1x142 eita&i$8ft£s £ 

[0001] 

mtJimtzmti hox-ft*) , yrryK'j 
f - h^s^f y rrv fx* -v v^tjC^si^s^ 



ft. 

[0002] 

[fi£*c7)Sffi] Wt&. DRAM, CPU UWNW»*F*)*lfc 

-f ft.1 hA^ffc&gSSi: LT» Hril;vf--y''Wl£<ffiv> 
£>fift. Xr^tcfewtii, l/f?;HW^-y^ 

3 aw*-* x ; \±tzm>NSt»i- ft - 1 fc J: "5 . B 

^x^itcfiWffl^HlK^^-yco^SrlT-J-CV^ft. 
[0003] *tf>BL Uf-^UiCV^-y SrlS»SC: 

ffo&WaivOift. tft»*^^j!HR'*-ftii:3&fBr« 
^^-yf'fXiiNA (BHQR) fcRifcW-fftfc*). 
N A * J: 0 < -T ft tzfrcomW-Jmt =Sr ft . JEte¥ 
SWfc-f - >y 7"Offi«k:*tffi-f ft«*S^*"ClSft CJRI£A<*i 
jE£*lTV->ft£^A 5 $>ft. 
[0 004 ] ^Oid&fStm, M^yea-^i: 

#ffl«oisn-V7h^xrs-fflv^T5iss<xft. *<7)&» 

31£f¥5Rt«3ti-4IRfcli. St»3t**t«*^ft ltfc 1 

«CC0 ISIHKi 0 tSbftJKCiPX-t ft j^3b«*> ft 
cO{±^T'S>ft*^ fflV>ftigWC*tLTt»^oaSSr 
*A d &9tifih ft . ft JHWWM»3lfiT»^tt 

mzmmnxmrnti o- 6 vxY<7>*—y—iz9iz.kix 

^^.ftJt*. -?-<?5^:#$»4 2nm/cin ^JKlCjtpX.ft!^ 
^"J>ftiiA^^ilTV%ft <> 

[0005] LA^L^-A 5 ^, fe^TmS* 1 200mmt= t,m 

-thim^Jkm^mmza^x , ^w-mzzcoxo 

0. JJlTCj^ftBlSCJ: 0 . iiS(i$)ft^JSOlt®tt- 

[0006] m&cr>m 1 w«<oiSBixefcsia-r ft 
i><r>X"foh. $&>i\-ffi&cr>mzttvx\iu>x^\sx>h 
m<mtft Lxm&<vtzz>^$itf7xtffe<m\>^ti 

»k LTfflv^ixft5^*7X{i. ^^B^ttiS^r 

[0007] LA^L^rA^, ^ZztfyXlz&^XlZ. ^ 
mi. «aW8*iTKJ:ft»ffiE*fc:iBHrftk#i.t<i 
4«JBSftt* s H8tt*iK:WIIS*i.4 . l» -f -m<vm 

shttttZitfjxtommiz&^xii. hm m 

rectMethod) , VAD (vapor axial deposition) 
y /)V-tf)V ( sol-gel )S, 77X7A-t- ( plasmabur 
ner) ft, »*«fflV^*L4A«, V^iX^ftCiJVT 



(3) 

[00 0 8] & fz. m&coVtmTBf&Ztlti^ttf?* 

[00 09] Kt:i24^ffl^t, Wf7 J-CDMIZ 

Sfco^TMBJI-f*. 4-^531^^^ y^-y MOO 

fcdi:^J:oTn«E«^as«101 tfWfcfi*. -f^7 
MOO coHJtttWt+'Ml&l 0 0atcKLT^»=5r^"C 
fl*rfx »»101 4H;:«^4^tt»<0#:fi5. » 

aK^iSJB^^ffifcS^. 0 1 alzmLX 

nw^rnxmih. m&z^moi izntxmL mm 
wiux^TfoZ-tttzx-oXi/yxzLis^ybm ififtt> 
tit. 

[OOlOUIt, b 100£^«tt#ffiAL 

•yMOO <7>BJIIrffi£3SU jg5awvy^gB103T*^tt 

y>7<^miz&^xi$&zti&. ^Lxmtmh^tz 
w&xuftnmxtinm^ttz-vv t & o , *<?>ttjB*» 

^hzbiz£^mwmmiim±-tz>b-f%>t, mf&*co 

[ooii] *<Dtz*h. MmLtzimx-mmiitz^fzh 

ytmmm^^mco^mzms^-ti^. 
m2 5^x^mT9fk^xo^Km^mmm^^i'f^z 

[0012] a*^JB2«. ^#7X$:Xf7A'4it 

XlC. KrF. A r F l^-lf — *C0«»S3teH* a feC03t 
Sr8B*hf*£:. a^yaV (compaction) fcPflftl 

[0013)12 6*Tfl«#<Z«»l 1 OtWU, 
[0014] ^OfcWSttJRWS^Ttt. 3te^36*38» 
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~^*%nt^&ik&m^s*mmt^&±x'*z 

[00 15] 

[^^jB^Li-Sfc-rSKHl W±mWL£z£olz. 

£ « Jfci" h\s>X3-\sX>Y cotfc jBrti* i & lift $> 
*SaO«0«S*f4Sr±i*^ffl ( 2nm/cm gjR) fcjfp* 

[0016] mmwzmmftmmzmmznx^h \ 

(«I365nm) ArFl/-f» 
1 93nm) tMlt^l.c WjiHSt^^flsT* 100 
nmCOaJffl«ftt3& s *-3?t»-&. »fi3 6 5 nm<7) i 
LTt4 100/365 = 0.27aS»^»ffiJRHHfflS-r& 
£\ &H1 9 3 nmCOAr Fix— f^KM^Ztt LX ii 100 
/193 = 0.52 a«*<0»BJDaSfc:<BSL. Rlt*#S 

[0017] ^t^*«B^t=rJ-6*«B«fco 

TJte^^'^^OH^SfcSSKBS-C* * i f: **WBH 
T8-107060^»HE»S*1T^63&«, -eoi: d^#^ 

[0018] 
[00 19] 

(1-1) »ltt*W^-ySr»2ft*±Hlft»-r6a» 



(4) 



[oo2o]itt:, (l-i-i) mmmimiE^mmfe 
[oo2i] (i-i-2) buisi ^ximmnyt^mi* 

* ffif&t %> V * V h frh £ t £ t/r 14 
[0022] (1-1-3) WIE 1 oX«i«R03^aWiitt 

ffls^o j; o ,jn$ i ^«3&»fe«* mm^nm txm 

[0023] (1-1-4) HalBSSffS^tiMia^^^^ 
[0024] (1-1-5) WE*ffllWlliE#S«»3e<!0iE* 

[002 5] (1-1-6) Midi oXt4«»Wfc^a»«4* 
[00 26] *«H^eoSUBK3iaia«, (2-1) Ifg^BJR** 

i) <7)mzyt¥mz£^Tm2Wfaffi±te$tmm%:i,x 

[0027] (2-2) X 'J <y b BBP^3BrtiB 1 ftf*;E± 
-1) coa»3^*t-<t0^ift^x-^^LfcSI2W 

[0028] *5BBBcOx^^>f *<OS3t;frffi«4. (3-1) ffi 
J&<2-1) Xi4<2-2) ^t5»KaaSS*fflV^Tr^^-f^^ 

I/O**. 
[0029] 

[%BjeoHtfi^)B] Hi 14. *«H J Hcoa»**«^B 

**t«r«*ft;UT. i/^x^yh 
[00 3 0] ic:t^yXxi/>yb i — 5{453?#7 

iz^ximxmw-t&o 6«4w-?/k 7&*7*^x' 
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[003 1 ] H+. 8J4*»Bjfc:«4«JBtff»iiE«»»-e 
[0 03 2] l/yXxMyM-5^f}fli:^5^ 

S£U\ i£U4, ArFU-if-^3a«*3Kafc*CC 

4rT 4 IE* no H 2 £ ffl V ^ SMH-f h o 
[0033] H2(C*5V^T10«536^5XCO>f b 

W>h £HillS*i* ffiHtt^tteSLT ^6 . 1114 

y„ z 6. ^^««1 

Iftj (z^Tlfq) OiE*t4*ffiT# H3t^"rJ;3 

txyirtfcfc^tsiiir, e) x-mztih&pitz 
^*B-r*. ,«p<7)a«T»aT*iia^««i3noo 

+ (cr r -hdtf r ) (r + dr) d6~a e d6-d 
r = 0<7)mmmt>tl. H&eM'JrRir&V&LX&bV) 
%>bo e - a T =r (da T / dr) (1) 

[ o o 3 4 ] mm i o n«^-&ffiwi*g*i6i"CSMt: 

(i^r^^^c *Ofcy>« ( 1 ) 5£^2U4r*0 (*^ 
fS±l^h) Tii-ifnT^V^ia^fiSr^rL. Z(DZt 
(4. *^f*l lJJ^W4¥a*rtlr<01B*tfr ^P3J^ 

jjfocomiiGe ^m^hm^-t^zt^MMLx^ 

[0035] ^-co^. *Wn««Silft»«fcH4 . 

T<E> ( r ) = ( 2^r/A )C-h{a e (r) -o T 
(r ) > (2) i:^$ix^c 

[0036] cimm&jmtmitimmttzm^mT 
h%>* zcoxoiznmtt^mmozmitfMi&'i'&t. 



(5) 



zti^tw^ujohv (2) jzn&mz^i. tmyt 

[00 37] z.zxwm*. 

ux&mizm^xmw-th* n*i7. imu>xm> 

XX-V*>Y\l\<zte\^X\±t¥>tM i%M) 2§frhm->tz 

[0039] 06 SHR^ffl^AT £>ix 

tittis V(c J: ottHtt 6 - k f^ATC* 

vol. 27. No. 3 (1989) 3SH::f¥ffl«»Sia*fE» 

fflz&gypm< . mmtfxmzxhmmm^ncomx'i 

[0040]im fc. 06fc:*3M-4 

o ( p ) <nvft£mmiizik&*& z t h . 1 1 
^Kiae^sift-rsfc^^ii. 3fc¥»o+'i> (p = o) 

(p = p 0 > £»aW*3©RK» 

[004 1] e«»ttfe:*i vtfflft*8:ffl 

V^T A/4 SJg^A # § £ ft o tittjtmmtfmti hZt 

[004 2] -e^T^HflTii. iaitC*3V^T3t*»+ 
± 5 £ftfflS&fk#Sr** y -fe/U-T S J: -3 UT ^4 . 

4: «49i 6 iSL*<Z>*Btfr*<0*#$te. fi» 
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[0043] zzxmmtnm^ftsco^mKcmmz 

5 fcffl \ ^hti h 7*b RRSW t <A"C* 4 iCS«*<*> 
(form birefringence) k V^SftSrfiJfflT * . 

[0044] zzx&rmmvmmmz^xmszm 

4. fa- r-f-Jtt 
^t = a/bt^ilTfc< e 2 6\iZ<nXoKcl*tiim 
5fc»LTA»T6A»f#5K : A ) fc*U 

2 7 (iiatffft^feitai't 

[0045]4fc28 14 \%mT&2£>t,zm LX , 0#rt&^ 

co^hSE'Sr^Oii^^^aTc ra«fc3 0li»ttS 
III^«^2 5 08lk :s Ftf 3 S:^ri*a^«3ttfiE 

#*«u 3 1 im$tt&=F2 scomtmutcUfacomyt 

[0046] ZZX\B\tm : f-2 5(DmMht LXli. w 
tli3t2 7 t LX OKJa^SSfSt^^L^uJ: atc-f 

[0047] H8T*«. X»5K2 6(3*3V^T{±«3Kft* 
28. 2&nl&T{S&&WttL%fr~>tzi><QW* EIW*^ 
25S:aart6ii:^ «3feJS^30h31^^fiffl^^^ 

* s lS3»«3tT , *>-& k-T^h . Wiil3t2 7««R«3K(^ 

3S1SH*f (form birefringence) kWffrCfeO. ^ 

[0048] ffSi-Jf. r M. Born and E. Wolf : Princi 
pies of Optics, 1st ed. (Pergamon Press, New Yor 
k, 1959) pp.705-708j . r WlLi flfi : "{affl^tfftS^^ 

m^tztrntm^tzcomm" , ^ voi.21, N0.5, P 

P. 269-274 (1992) j mzim L V «BW*lEttS tlX V ^ 

[0049] 4TH8tci^J:d*«i»Ktig*f»^25 
t2±5^Tti. AS*3K*2 6^«3K^T|fi]t3j;oTS : S:SB 
Sf^SrS-r. AS*3t2 6 nmytWlS&rt&f- 2 
fi-c* 4 ifrk<nm trf * n ! j . Alt* 2 6 0*f *5 

^2 5cO?ltcSli:n x (4*iX«x»:OJ:^(c*S*l 
4. 

[0050] 



(6) 
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n n = ^j t n i 2 + (1 " ° n 2 2 



n i =■ 



t 1 - t 



n l n 2 

-t&MC0t&m<7>m$imTfo&<, n l =1. 6, n 2 = 
1. OtLX. n n S.l>'n ± COt Ctt-f&#c#tt£ft 

[00 5 1] 
UK2] 

2 7T d / v 

^=^— (n n -n_L ) 



(5) 



[00 5 2]S (3)-(5) *>£>. XA-x-f-itt 

ffi»ott£ifc£*Tte*<r fc ****** . 
[oo53]kc, nmvmiEmt 8 £ 0 7 «ost»#* 

3fcP L<ol»2B2ll;:»A-$"ft LX . ZcoMifcWZcffi&L 
cDWtWZfto. RWfcttHl Ofcfflv**. 
[00 541 01 013. 01 tc*L3ta»3te^»i-*5^^ 
x. m^px^^ti^yt^^yx^u^yh i — 

* tf> £0 t> coX'Jb %> c ffifl" iz te^XimizMLX St 

Rffl*rtI^«*flc^iaiCtCLffli6*«»t LT L43ik 
(2:04 &t/0 5tm^X$t*JILt:M*)X'$>&. 
[00551 01 OtC*3^T41— 44(i^S*'lFl<Oil3tJE£ 

[0 0 5 61 ZZX'COm, &&yt¥&l£fttLXl$. & 

B^ffiitp^BBakLri26tc*-rfflfflii*( p) ** 

^tTV^fci"*. (p) £<J> <p) =«i 

(p)+^ 2 (P ) fc«->-C#»U fiffiil*! (P) 

^i/yx'xi/^yhl-3CJ;^t^ttl>fi[M, (4 
ffl^0 2 (p) Ji/VXxi/^yb4-5i:J;oT^4 

[00 57] 4fc«Htff«iE«B«8fc:*5^T(i. Kffift 

SV( p) *«^t6kfi5&*-4. *3-f 4fc* Wlffffl 



(3) 
■ (4) 



E5HiiE8B»8 £5§S UfclSa^filLffliai*i ( p ) + 
V (p) . 35t3U>'Xxix>vh4 — 5SraaLfcf*c^ 
{iffl^ti^i (p)+o 2 (p) +^ (p) =o (p) 

+ V (p) (6) hZ&^X^-Z-htlho 

[0 0 5 8] *»BHcO*W4. * (6) SrHf nfc^S J: 
iJSHttft^lfflRV (p ) ^iiik^ifi^lWiSftt 

[0 059] meb^fr>^Xi%thb. * ( 6) Sr-bfu 

k-r*{5ffl^^ (p)aii l^-rt^ok^*- 

fcH«lfc*»T**. BPt>. Sffi^o (p) fcii«#**as 
[0060] UfcBKH Ufc «t -3 fc. ttatHMWr**-*- 

[oo6i] zzx\ mmvmjEmtsizis^xii. * 

=F*ffi$tf-h. 0 l 2 kr^rtJ; -5 fcHISf*5 I F' 

2 5*3^^WUTH^n*fc:Eatr*fll«i:. Hi 3 

fcTK^j: a kehm*^ 5 zitmzmLxmsimzmm 

[0062] mm&mmmtr^-stiiti^iz&R^m 
fflmift&=F<nmmzii^ miz^m^tzm^^^aTx 

ft*kv^*frco^*«iMB"C*>&**. *4 
WiKt^Stft:**. ZZTMift^commtLXte 
A/3 — AcolEH(wJR*-?TV^ii:*«M* LV^. -t 

u *n^<x^a«rt»T^jaffl**±ia^ffiHt-flx4* 

[00631 012^01 3fc^Lfcffifflfc«k*affi<0 

^®^*5lc0^r{4. «W*8 J: 
S^^Sl^^SffittWtiS^-arfiik*^**. — * 

01 3o«3st*3^Ti»HRtc#isi:. ^-mifiwmit 
im^&.mzn lx nmxftcomy£f8.tt53<D{m 

^&^Wtt«0»-ttl6tTffi#Srffiv^ttS<Ii:* < 'C 



(7) 



WRFF 1 1-544 1 1 



[ 0 0 6 4 ] b Z *-Cffi«tfO«jE»i. *g*l6l 

0 1 1 t 4> J: -5 lZ%&&<n%ffl±X*te* °t 
[0065] «B««Effl»8*«»AS*t*fflak 

swtfcLT. ^mmmv^^m^h^m^xmrn 

[0066 3 Ell 5 (A) (i % ABitCs 4M>Mfc:B8L 

t^r^w^ mi 5 

[0067] f^Bcii mm^Mzmm* . £ o 

[ 0 0 6 8 ] Ell 6«*«^K»5fc^*S:X-f y^^tc 

V x / \T* h . i£ B JBR 67*^ c0^^3t^63J4 V + 9)V 
60±O^*«64 £ fSHH t . * <7>fB*$ 6 4 KfitotfiT V * 
iBB'^-V* 5 . a»3K^*6lSr^LT. *>x^62± 
<0K3t»«65twi|ffl/jNe¥ 3 *i £ . x -r ^ ; *fc:43 v *T 14 . 

OJi'TV^-V^x^ 2±tc— fiLTSS 
>ME¥3ftfcf**4. ^x^6 2ttBf^*fc*ftXT-^r 

[0069] 0+66iiaB»fWE»«"Cft 0 . S##¥ 

[ 0 0 7 0 ] Wi 1 7 t4*«HJ!^&»3^»£X7- r& 

Ht* & . I»||2frc43 v ^70(4 EB^* - V^OfB^ixfc W 
^;UTJ>0. 71«4S»3fc¥*. 72^f£[UB^->'# r 



X* a- >I<7)lMKiBlT^t-«*OXf -y (4 

[007 1 ] X-r ^^tCfeV^Tti. l^^V-7 0±WC 
x^7 2±(C-J£tT^MK¥tTV^^. 

x^-yr&x^^ya^JsatigaTJi^u -y 

b^^7 4T-[51B^^->'^^ b JL. l^?/l/70. ^x 
^N72Srl«I»aSr b ot^tyfi IkCi 1 ) Vf^/I^O 
i^HB^-^^flstlB/J^^^-iid^LTV^*. 
[0072] ffi»»S:76"C*-ri: . l^f-^/U7 0<OX* 
^y*|6]77ttx«lfiC0*|pl. I )xA7 2^^Vjfi 
78«xttiE^|6lk ! S:S. H4>79l4«Etfffl:Effl»"C*> 

[0073] X-r vr&^^r^^fficoK^B^fcv^T 
tt. *^BPJlffl«7 4**xy v h»«T* ffili 
If A r F U-if^-CgSBHSrft^fc^cOa^^^ a >- 

co&wtimmi i zmLxttmzmti%<%:&. 
[0074] mzmi szm^x. a»***7i+cou 

* N 80{ift*W J 5:^>'Xx^>>'b'CJ> , 9. xylW 
*LT^i (8 1l4ffi8M&T**>6) c 
[007 5] H-C017 ^^rgBBHfHJff74C0JB«tw*I' 
JBLT. vvXxi^^yh80ti45V^'Cts 316*^)3**' 

izitmLXf&k&h. ^(O^tLX^t^^cO 

[0076] m6&m^tz<vtmm<ommwk$:m^xm 
-tt, ^mmzx&iiLttmmimi 9 ^^3^ 

1 4 TiiMH Lfcatco»S<04hffiSr x«cfirifi]fc y W^rWC 

[0077] ^C"*^0Ht3^i>aSWgP»coHSfe^2 
tcov^TKHj-rfe . ffl l -H8^^ffe®S 1 TtiSffiSf 

ffijE&tts&mm^ffif&bLx, mrnvrmiE^cDtf 

WtiK m%;3ttzttLXMWX\ *»o-h»=SrWAtt**o 

[0078] ztiizM Lx^mmmmx^mmmm 1 k 
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